We devised two screening systems to detect cell wall transglycosylation inhibitors. One screen utilizes a mutant of Enterococcus faecalis strain A256 that is dependent on vancomycin or moenomycin for growth. In the absence of transglycosylation inhibitors the strain fails to grow, while in the presence of inhibitors, cells are rescued. A second screening organism E. faecalis strain MDD212 utilizes a translational fusion of the lacZ gene to the vanH promoter in a derivative of E. faecalis that contains a vancomycin inhibitors of transglycosylation. Our natural products drug source of fungal fermentations was tested with these screens. Several cultures that produced the same family of compounds, called the thielavins, were detected. Thielavin B inhibited the formation of peptidoglycan in an in vitro assay, suggesting that these screening systems can detect compounds that interfere with cell wall transglycosylation.
to an OD of 0.00001 (approximately 2,500 cells per well).
growth to greater than OD 0.04 was observed in wells containing either moenomycin or vancomycin (Figure 1 ). When this low inoculum was used, no growth was observed in untreated wells. If the inoculum was increased to a starting OD of 0.001, then untreated cells occasionally exhibited an OD of greater than 0.04, due to the overgrowth within the well of a mutant derivative that no longer requires inducer. The rescue screen was very sensitive to vancomycin, and rescue occurred at a was even more sensitive to moenomycin, but only at concentrations below the MIC. Moenomycin was sometimes detected when cells were exposed to a concentration of 10ng/ml, and was detected routinely at 30ng/ml (Figure 1 ), although the amplitude of the growth signal was reduced when compared with cells exposed to vancomycin.
Although it is possible to run a rescue screen using an agar plate format (Data not shown), the microtiter plate format was more sensitive to our control compound, moenomycin. In addition samples can be assessed by objective criteria in the microtiter plate format. A translational fusion was created between the vanH transcriptional and translational signals and the lacZ gene and introduced into E. faecalis as detailed in Materials and Methods. It was found that the transgalactosidase (Data not shown). However, when the vancomycin resistance determinant from strain A256 was mated into the transformant, the resulting strain, response to a two hour exposure to moenomycin or vancomycin (Figure 2) . Although both vancomycin and ase levels were three times higher when vancomycin was the inducer. As with the rescue screen, the threshhold concentration of moenomycin required for induction (80ng/ml) was less than that of vancomycin. In comparing the two screening methods, it is clear that the rescue screen was more sensitive at lower concentrations of the transglycosylase inhibitor, moenomycin, whereas the reporter screen was more effective at higher concentrations. Because we were particularly interested in new activities that were not related to vancomycin, moenomycin was selected as the control compound in formatting a screen.
Specificity of the Rescue and Reporter Screens
The rescue screen and the reporter screen were tested against the agents listed in will not exhibit activity in these screening systems.
Screening of Fermentation Samples
The rescue screen was tested with samples from the Millennium natural products drug source, derived from fungal fermentations. In parallel, growth inhibition of the multiply-resistant E. faecium strain X34044 (a vancomycin-resistant, but not dependent strain) was also assessed. Eight thousand samples were tested as dried films in microtiter wells. In order to maximize the chances of observing rescue, two concentrations, differing by a factor of 10, were tested. An activity that was growthinhibitory at the high concentration, for instance, could exhibit rescue at the ten-fold lower (sub-inhibitory) concentration.
Seventy-nine samples of the 8000 tested were active in the Rescue Screen. Eight of these seventy-nine active cultures also showed antibacterial activity, and were subjected to our dereplication system. It was important to eliminate extracts from further consideration if they were likely to contain the same active component as AA 15352. Therefore extracts were subjected to reverse-phase HPLC as described in Materials and Methods. Fractions were tested for activity in the rescue screen and for antibacterial activity against E. faecium strain X34044. Peak fractions were analyzed by mass spectroscopy in the negative ion mode. As part of the dereplication process, the producing cultures were identified (Table 2 ).
Dereplication analysis was based on three independent parameters that indicated that the active component in all cases was the family of thielavin compounds: to fusiform ascospores and a terminal germ pore known to produce thielavins32). The others were of the genus Thielavia, but were not identified to species. It was concluded that the active component(s) in all cases were very likely to be the thielavins.
Activities of Thielavin B
both the rescue screen (Figure 1) , and in the reporter screen (Figure 2) . The fact that thielavin B induced the van genes in both screens at a broad concentration range suggested that it was a strong inducer. To obtain additional evidence that thielavin B induced the van genes to a physiological meaningful level, cells of E, faecalis strain A256 were challenged with 256 tg/ml of vancomycin after overnight growth in BHI that contained no Table 2 . Dereplication of activities by taxonomic identification and by LC/MS . Samples were tested for inhibition of peptidoglycan biosynthesis as described in Materials and Methods.
The activity of samples in the presence of thielavin B or moenomycin is shown as percent product relative to the untreated control.
Discussion
Two screens to detect compounds that interact with the VanR/VanS regulatory system have been described. An effective screening system was described previously which utilized a fusion of the cat gene, cloned to the van regulatory region. Growth was observed on agar medium in the presence of chloramphenicol18)• The rescue screen that we describe has the advantage that it is run in a microtiter plate format, with an objective outcome , in a high-throughput mode. The rescue screen is ideal in terms of sensitivity and simplicity, provided that one has the luxury of testing at two different sample concentrations , differing by a factor of 10. The reporter screen, or the cat screen18) might be more appropriate if only one concentration is to be tested, or alternatively, the rescue screen could be conducted using an agar plate format (Data not shown). It should also be noted that a system for monitoring van expression was described in B. subtilis , which might also be applied to screening33). Both the rescue and reporter screens were induced by inhibitors of transglycosylation, and not by other classes of compounds, including inhibitors of other steps in cell wall biosynthesis, such as bacitracin and fosfomycin (Table 1 ). However, it should be noted that others have suggested that bacitracin induced the expression of van genes from the vanH promoter in Enterococcusig,34) and in B. subtilis33). It is possible that strain differences account for these apparent discrepancies. 
